Future observations of 21 cm emission from neutral hydrogen survey will become a promising approach to probe the large scale structure of Universe. In this paper, we investigate the impacts of Square Kilometer Array (SKA) 21 cm observation on the estimation of cosmological parameters. We use the simulated data of the baryonic acoustic oscillation (BAO) measurements based on the future SKA experiment with the intensity mapping (IM) technique to do the analysis. For the current observations, we use the latest cosmic microwave background (CMB) observation from Planck 2018, the optical BAO measurements, and the Type Ia supernovae (SN) observation (Pantheon compilation). We find that the SKA mock data could break the degeneracy between the matter density and the Hubble constant, further improving the cosmological constraints to a great extent. We also find that the constraint on the equation of state parameters of dark energy could be significantly improved by including the SKA mock data into the cosmological global fit.
I. INTRODUCTION
During the past decades, the standard cosmology has been established thanks to a series of accurate cosmological observations, such as the cosmic microwave background (CMB) anisotropies measured by Planck satellite [1] [2] [3] [4] , the distance-redshift relation measurements from Type Ia supernovae (SN) [5, 6] , and the large scale structure survey from Sloan Digital Sky Survey (SDSS) and six-degree-field Galaxy Survey (6dFGS) [7] [8] [9] [10] etc. The energy budget of current Universe consists of 5% baryonic matter, 27% dark matter and 68% dark energy. Unveiling the mystery of dark sectors has become the most fundamental mission of modern cosmology and physics.
For dark energy (DE), if it is responsible for the cosmic accelerated expansion, the most obvious theoretical candidate is the cosmological constant (vacuum energy) Λ which has the equation of state (EoS) w = −1. Thus far, the cosmological constant scenario (also known as ΛCDM model) serves as the prototype of the standard model of cosmology, as it is in excellent agreement with current cosmological observations with the fewest free parameters. However, as is well known, there are two theoretical problems resulting from the ΛCDM model, namely the "fine-tuning" problem and the "cosmic coincidence" problem. Despite that great efforts have been devoted to resolving these two difficulties, all the attempts turn out to be unsuccessful. Additionally, the ΛCDM model has also encountered serious challenges in the aspect of conflicts between various experimental observations such as the Hubble constant H 0 tension and so forth [3] . Given this circumstance, it is hard to believe that the cosmological constant model with only six primary parameters is the eventual scenario of our universe. Undoubtedly, any deviation from ΛCDM model, if confirmed, would be an outstanding breakthrough for cosmology.
In recent years, we have come into an era of precision cosmology. The CMB measurements from Planck 2018 mission have newly constrained the parameters within the standard ΛCDM model with unprecedented accuracy 1% [1] . However, for the study of DE which dominates the expansion of late time universe, one also requires the observations at much lower redshifts (z 1) than CMB (z ≈ 1100), which can be achieved by measuring the cosmic large scale structures (LSS). The baryon acoustic oscillation (BAO) is just an essential cosmological probe extracted from LSS, which is imprinted by the cosmic acoustic waves in the early universe with a well-known scale of the matter distribution at around 150 Mpc. Using BAO signatures in the matter power spectrum as a standard ruler, high precision measurements on the cosmological parameters such as the EoS parameter of DE would be obtained.
Conventionally, the measurement of BAO is usually achieved by the optical galaxy surveys that detect individual galaxies with high resolution. Notwithstanding, other than those optical surveys we also need to develop new types of cosmological probe in the forthcoming future. To measure the BAO, there is an alternative impressive approach at the radio wavelength through the 21 cm intensity mapping (IM) technique. The 21 cm emission line comes from the spin-flip transition of electrons in neutral hydrogen, and serves as a great tracer of matter density fluctuations in the universe. Recently, a number of intensity mapping projects have been proposed, for example the BAO from Integrated Neutral Gas Observations (BINGO) project [11] , the Canadian Hydrogen Intensity Mapping Experiment (CHIME) telescope [12] , and Tianlai ("heavenly sound" in Chinese) project [13] .
The IM facility considered in our analysis is the upcoming Square Kilometer Array (SKA), which will be delivered in two phases, with SKA Phase 1 (denoted as SKA1) currently being under construction and the configuration of SKA Phase 2 (denoted as SKA2) being designed [14] . SKA1 is comprised of two telescopes, i.e., SKA1-MID and SKA1-LOW. SKA1-MID is a mid-frequency dish array located in South Africa, observing the radio frequency between 0.35 GHz − 1.75 GHz, and SKA1-LOW is located in the western of Australia, observing between 0.05 GHz − 0.35 GHz [14] . Moreover, SKA1-MID will operate in two frequency bands, with Band1 observing at 350 MHz − 1050 MHz and Band2 observing at 1050 MHz − 1750 MHz. Furthermore, SKA2 will perform an immense galaxy redshift survey over three quarters of the sky, with an impressive sensitivity surpassing almost all the other planned BAO measurements at the redshift range 0.4 z 1.3. We primarily concentrated on SKA1-MID and SKA2 in this work, since SKA1-MID contains the main frequency range for IM and they are both able to observe LSS at low redshifts 0 z 3 where DE dominates the evolution of cosmos.
On the other hand, as is well known, astronomical observation is the key to determine the nature of DE. With the advancement in astronomical observation technology over the past decades, neutral hydrogen 21 cm radio cosmology has become one of the most essential breakthroughs we are dedicated to making. So, as an ambitious neutral hydrogen survey project, SKA will play an important role in the measurement of cosmological parameters and in the exploration of the nature of DE.
For the investigations of the constraints on the EoS of DE using the mock data from SKA, see Refs. [14] [15] [16] [17] [18] [19] . In Ref. [15] , the authors have made a concrete simulation on the measurements of BAO in light of the 21 cm neutral hydrogen surveys from SKA1 and SKA2, and provided a relatively conservative estimation on the cosmological constraints. Hence, we can directly use these simulated data to do the analysis. In Ref. [19] , the authors utilized these mock data to investigate the prospects of weighing the mass of neutrinos in the ΛCDM universe with future SKA observations. In this work, we will further use these SKA simulated data to perform the constraints on the parameters in three cosmological models, i.e., the ΛCDM model, wCDM model [25] [26] [27] [28] , and ChevalliearPolarski-Linder (CPL) model [29, 30] , respectively. The aim of this work is to assess the potential of future SKA project for improving the constraints on the cosmological parameters when including its simulated data in the cosmological global fit.
II. METHOD AND DATA
We first use the current observational data to constrain different cosmological models. We choose the current mainstream cosmological probes, namely the CMB, BAO, and SN. For the CMB data, we use the distance priors data from Planck 2018 [1, 20] . For the BAO data, we use the measurements from 6dFGS (z eff = 0.106) [10] , SDSS-MGS (z eff = 0.15) [9] , and BOSS DR12 (z eff = 0.38, 0.51, and 0.61) [21] . For the SN data, we use the latest Pantheon compilation, which is comprised of 1048 data points from the Pantheon compilation [22] . For convenience, the data combination "CMB+BAO+SN" is abbreviated as "CBS" in the following. In order to constrain the cosmological parameters, we employ the MCMC package CosmoMC [23] to infer their posterior probability distributions, further derive their best-fit values and corresponding errors.
We use the simulated data of the BAO measurements from the neutral hydrogen sky survey based on SKA1 and SKA2 in Ref. [15] . The relative errors of cosmic expansion rate σ H /H and the angular diameter distance σ D A /D A can be directly extracted from Fig. 3 in Ref. [15] . As for the SKA1 data, we separately use the simulated data from SKA1-MID Band1 containing 11 data points of σ H /H as well as 6 data points of σ D A /D A , and use the simulated data from SKA1-MID Band2 with 7 data points of σ H /H and 8 data points of σ D A /D A .
With respect to the SKA2, we use the simulated data including 17 data points of σ H /H and 17 data points of σ D A /D A . Then, the likelihood function can be naturally established using these data points. Besides the data of SKA, we also use the data simulated based on the future optical experiment Euclid, which contains 14 data points of σ H /H and 14 data points of σ D A /D A . Euclid is a 1.2 m near-infrared space telescope that is under development by the European Space Agency (ESA) and is selected for launch in 2020. Since the operations of Euclid and SKA1 will be carried out during roughly the same period, we also take this optical experiment into consideration to make a comparison. We consider five various data combinations in this work: CBS, CBS+Euclid, CBS+SKA1, CBS+SKA2, CBS+Euclid+SKA2.
We employ three typical and simple dark energy models to perform the analysis. Besides the ΛCDM model mentioned above, we also consider the wCDM model and the CPL model in this work. The wCDM model is the simplest extension to the ΛCDM model, in which the EoS parameter w is not equal to −1, but assumed to be a constant instead. The CPL model is a further extension to the ΛCDM model. In this parameterization DE scenario, the EoS is assumed to be of the form w(a) = w 0 + w a (1 − a) to describe the cosmological evolution of DE, with the scale factor a ≡ 1/(1 + z) and w 0 as well as w a being the free parameters to be constrained by experimental observations. In a spatially flat universe (the assumption of flatness is motivated by the inflation scenario and, actually, is strongly favored by current observations), the Hubble expansion rate shall be given by the Friedmann equation. Since we focus only on the late-time evolution of the universe, the radiation component is expected to be negligible. In the ΛCDM model, the Friedmann equation reads
with E(z) = H(z)/H 0 and the energy density of radiation neglected in the present late universe. In the wCDM model, the Friedmann equation is of the form
In the CPL model, the Friedmann equation is
The angular diameter distance D A (z) can be calculated through the formula D A (z) = (1+z)
dz /H(z ) from a specific cosmological model.
III. RESULTS AND DISCUSSION
In this section, we shall report the constraint results and make some relevant discussions. We constrain the ΛCDM, wCDM, and CPL models by using the data combinations of CBS, CBS+Euclid, CBS+SKA1, CBS+SKA2, and CBS+Euclid+SKA2 to complete our analysis. Our main constraint results for cosmological parameters are shown in Figs. 1-3 and summarized in Tables I-III. In Figs. 1-3 , we display the two-dimensional posterior distribution contours for various model parameters constrained at 68% and 95% confidence level. In Tables I-III , we exhibit the best fitting values with 1σ errors quoted, the constraint errors and the constraint accuracies of concerned parameters (i.e., Ω m , H 0 , w, w 0 , and w a ) in different cosmological models. Here, the constraint error σ is taken to be the root-mean-square of σ + and σ − , namely, σ = [(σ
1/2 . The constraint precision ε(ξ) for a parameter ξ is defined as ε(ξ) = σ(ξ)/ξ bf , where ξ bf represents the best-fit value.
From Figs. 1-3, we can clearly find that future Euclid, SKA1, and SKA2 observations can significantly improve the constraints on almost all the parameters to some different extent, as shown by the green, gray, and red contours. Compared with SKA1 and Euclid data, in particular, the SKA2 data possess a much more powerful constraint capability; for more details, see also Tables I-III. In Fig. 1 , we find that the SKA mock data could break the degeneracy between the matter density and the Hubble constant, and further improve the cosmological constraints to a great extent, which is in consistent with the conclusion in Ref. [19] . Meanwhile, in Fig. 2 , we also find that the parameter degeneracy orientations of CBS+SKA2 and CBS+Euclid evidently differ with that of CBS only data combination as shown in the Ω m -w plane. In other words, the Euclid and SKA2 mock data can help to break the parameter degeneracies, in particular between the parameters Ω m and w in the wCDM model. In Fig. 3 , we also show the constraint results on the model parameters w 0 and w a , the constraining capability of SKA is still powerful, especially for the case of SKA2. Apart from that, in all these figures we can apparently see that, the data of Euclid behaves much better than SKA1 but worse than SKA2 in the parameter constraints, which indicates that future optical experiment Euclid will become more powerful in parameter constraints than the contemporaneous experiment, the first phase of SKA (SKA1). But with the development of SKA, in its second phase (SKA2) this project will still become the most competitive experiment. Thus, in the following, we will focus the discussion on the SKA2 mock data.
When adding the SKA2 mock data to the current optical observations, the CBS datasets, the improvement of parameter Ω m is from 2.65% to 1.00% in the ΛCDM model, from 3.13% to 0.94% in the wCDM model, from 3.32% to 2.19% in the CPL model. For the parameter H 0 , the constraint precision is improved from 0.93% to 0.25% in the ΛCDM model, from 1.64% to 0.52% in the wCDM model, and from 1.59% to 0.77% in the CPL model. With respect to the parameters featuring the property of DE, the improvement is from 5.18% to 2.33% for the parameter w in the wCDM model, and from 9.66% to 5.16% for the parameter w 0 in the CPL model. It should be mentioned that, since the central value of the parameter w a in the CPL model is around zero, the relative error of this parameter will be immensely influenced by the statistic fluctuations. Hence, the absolute error for this parameter is more reliable for quantifying the improvement. For this parameter, the absolute constraint error is improved from 0.3646 to 0.1836.
When adding the SKA2 mock data to the data combination of CBS+Euclid, the improvement of parameter Ω m is from 1.55% to 0.84% in the ΛCDM model, from 0.90% to 0.48% in the wCDM model, from 2.83% to 2.16% in the CPL model. For the parameter H 0 , the constraint precision is improved from 0.43% to 0.24% in the ΛCDM model, from 0.90% to 0.48% in the wCDM model, and from 1.23% to 0.72% in the CPL model. With regard to the parameters featuring the property of DE, the improvement is from 3.40% to 2.16% for the parameter w in the wCDM model, and from 7.17% to 4.88% for the parameter w 0 in the CPL model. For the parameter w a , the absolute error is improved from 0.2213 to 0.1761, and the improvement is significant as well. Therefore, we can conclude that the BAO measurements from SKA with 21 cm IM technique will be able to significantly improve the cosmological parameter constraints in the future.
IV. CONCLUSION
In this paper, we evaluated the constraining power of future SKA 21 cm observations not only on the expansion related cosmological parameters Ω m and H 0 , but also on the phenomenological dynamic dark energy parameters (such as w 0 and w a ). We use the simulated data of the BAO measurements from the neutral hydrogen survey based on SKA1 and SKA2 to do the analysis. Besides, we also consider the simulation of future optical sky survey project Euclid as a comparison. For the current observations, we use the latest cosmic microwave background (CMB) observation from Planck 2018, the optical BAO measurements, and the Type Ia supernovae (SN) observation (Pantheon compilation). We consider three popular cosmological models in this work, i.e., the ΛCDM model, wCDM model, and CPL model. We utilize five various data combinations: CBS, CBS+Euclid, CBS+SKA1, CBS+SKA2, CBS+Euclid+SKA2, to perform the constraints and to further make a comparison.
We find that SKA2 mock data will behave best in the parameter constraints in all the DE models. Regardless of adding the SKA2 mock data to either the CBS datasets or the CBS+Euclid datasets, the constraint results could be significantly improved in all the considered DE models. For example, with the addition of SKA2 in CBS datasets, the constraints on Ω m can be improved by 34%-70%, and the constraints on H 0 can be improved by 52%-73%. For the constraints on those EoS parameters, the improvements are also obviously, with the parameter w in wCDM promoted by 55.0%, w 0 and w a in CPL model promoted by 46.6% and 49.6% respectively. In addition, we also find that the degeneracy between several cosmological parameters, such as Ω m and w in wCDM model as well as Ω m and H 0 in ΛCDM model, could be effectively broken by the combination of Euclid and SKA mock data in the cosmological fit.
All in all, we conclude that in the future the 21 cm observation of SKA would be helpful to improve the parameter constraints on DE and have a great potential to become one of the most competitive cosmological radio probes to explore the property of DE. Program for Support of Top-Notch Young Professionals.
